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The effect of the Palmaz-Schatz stent on the angiographic appear-
ance and residual luminal stenosis in patients with intimal dissec-
tion after balloon angioplasty was evaluated in 84 consecutive 
patients (90 lesions). Coronary angiography was performed before 
angioplasty, after conventional angioplasty and after stent implan-
tation. The degree of intimal disruption was assessed as follows: 
grade 0, no dissection; grade 1, simple dissection (intraluminal 
linear defect or extraluminal cap extravasation); or grade 2, 
complex dissection (nonlinear spiral defect or luminal defect with 
multiple irregular borders). Quantitative coronary analysis of 
digitized cineangiograms was performed with use of a computer-
ized automatic edge detection algorithm. 
After balloon angioplasty, 31 (34%) of 90 lesions demonstrated 
intimal dissection (18 simple, 13 complex). After stent implanta-
Intimal dissection is the primary mechanism responsible for 
acute ischemic complications during percutaneous translum-
inal coronary angioplasty (1-3). Various methods have been 
evaluated to restore intimal continuity after balloon-induced 
dissection has occurred, but have met with limited success. 
The aim of this study was to evaluate the effect of the 
Palmaz-Schatz stent on the angiographic appearance and 
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tion, intimal dissection improved by 2':: 1 grade in 29 (94%) of the 
31lesions with 27 (87%) reduced to grade 0 (that is, no dissection). 
Dissection grade improved after stenting in 16 (89%) of 18 simple 
dissections and in all 13 complex dissections. Mean diameter 
stenosis was 77 ± 17% before angioplasty, 47 ± 17% after 
angioplasty and 14 ± 10% after stenting (before angioplasty vs. 
after angioplasty and after angioplasty vs. after stenting, p < 
0.0001). 
In conclusion, intracoronary stenting is effective in reducing 
the residual luminal stenosis and in improving the angiographic 
appearance of intimal dissections after conventional balloon an-
gioplasty. 
(JAm Coli Cardiol1991;18:1445-51) 
residual luminal stenosis in patients with intimal dissection 
after conventional balloon angioplasty. 
Methods 
Study patients. The study group consisted of a consecu-
tive series of 84 patients who underwent coronary angio-
plasty and coronary stent implantation from December 21, 
1987 to December 27, 1989, with subsequent cineangio-
graphic analysis at a core laboratory. All patients met the 
following inclusion criteria: presence of single-vessel disease 
(stenosis 2'::70%) with objective evidence of ischemia and 
preserved left ventricular function (ejection fraction 2'::50%). 
Eight centers (see Appendix) participated in the protocol, 
which was approved by the Institutional Review Board of 
each center. All patients gave written, informed consent. 
After stent implantation, all cineangiograms were forwarded 
to the central angiographic laboratory at the Thomas Jef-
ferson University Hospital for qualitative and quantitative 
analysis. For the purposes of the present report, we ana-
0735-1097/91/$3.50 
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Figure 1. The Palmaz-Schatz stent. 
lyzed the immediate angiographic effects of coronary artery 
stenting in the subgroup of patients with intimal dissection 
produced by conventional balloon angioplasty. 
Description of the device and implantation protocol. The 
stent used in this study was the Palmaz-Schatz balloon-
expandable intracoronary stent (Fig. 1), a monoconstructed, 
two-segment slotted tube of stainless steel with a central 
articulation strut. The device measures 15.5 mm in length 
and has an outer diameter of 1.6 mm in the unexpanded 
state. 
Standard balloon angioplasty with use of a steerable 
over-the-wire catheter system was performed in all patients 
immediately before stent implantation. After balloon dila-
tion, an exchange guide wire was left in place and coronary 
angiography was repeated. The stent was then delivered 
over a conventional angioplasty balloon. Patients were given 
aspirin (325 mg/day), dipyridamole (225 mg/day) and a cal-
cium channel antagonist for 2::48 h before the implantation. 
Heparin (10,000 U) was administered intravenously before 
conventional angioplasty, followed by intermittent bolus 
injections of 2,500 to 5,000 U to maintain the activated 
clotting time at > 300 s. In addition, each patient received a 
I liter infusion oflow molecular weight dextran (Dextran 40), 
which was begun 3 h before the procedure and infused over 
10 to 20 h. After stent implantation all patients began 
treatment with warfarin and received intravenous heparin 
until the prothrombin time was 16 to 18 s. On discharge, 
patients continued to take warfarin for I to 3 months at the 
individual investigator's discretion. In addition, each patient 
was continued on treatment with a calcium channel antago-
nist and dipyridamole for 3 months and aspirin for an 
indefinite period. 
Qualitative coronary analysis. Coronary angiography was 
performed before angioplasty, after conventional balloon 
angioplasty and after stent implantation. Detailed morpho-
logic analysis of the cineangiograms was performed at the 
core angiographic laboratory by a panel of three experienced 
angiographers. Intimal dissections were graded according to 
the classification scheme summarized in Table I. The degree 
of intimal disruption was assessed as follows: grade 0, no 
dissection; grade 1, simple dissection consisting of an in-
traluminal linear defect or extraluminal cap extravasation; or 
grade 2, complex dissection consisting of a nonlinear spiral 
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Table 1. Classification of Intimal Dissection 
Type Grade Definition 
No dissection 0 No intimal disruption 
Simple dissection lA Intraluminal linear defect 
IB Extraluminal cap extravasation 
Complex dissection 2A Nonlinear spiral defect 
2B Luminal defect with multiple 
irregular borders 
2C Obstructive dissection 
defect, a luminal defect with multiple irregular borders or an 
obstructive dissection. 
Lesions were also assessed for eccentricity, calcification, 
thrombus, plaque ulceration, diffuse disease and tortuosity. 
Lesion eccentricity was defined as a stenotic lumen lying 
exclusively within one half of the original normal lumen in at 
least one angiographic projection. Coronary thrombus was 
defined as an intraluminal filling defect surrounded by con-
trast medium, or a total occlusion with a convex border or 
delayed contrast staining, or both. A complex, ulcerated 
lesion was defined as an eccentric stenosis with a narrow 
neck due to the presence of an overhanging edge or irregular 
scalloped borders. Diffuse disease was defined as multiple 
luminal irregularities within adjacent, nonstented segments 
of the coronary artery. A tortuous lesion was defined as a 
bend of 2::4SO within the segment to be stented. 
Quantitative coronary analysis. Quantitative analysis of 
selected coronary segments was performed with use of a 
computer-based coronary angiography analysis system (4,5). 
Paired cine frames, in orthogonal views whenever possible, 
were selected from the angiograms obtained before angio-
plasty, after angioplasty and after stenting. These frames 
were projected on a cine 35 mm viewer (General Electric, 
CAPS 35) optically coupled to a video camera. The video 
signal was digitized at 512 x 512 x 8 bit resolution onto a 
digital angiographic computer (ADAC Laboratories, Model 
DPS-4100). Images were magnified four times with use of 
bilinear interpolation. The lesion of interest was determined 
by the operator through placement of variably sized circles. 
The vessel lumen was then determined by the computer with 
use of an automatic edge detection algorithm. Quantitative 
measurements of stenosis diameter and length were deter-
mined by using the guiding catheter as a scaling device. 
Proximal and distal segments, considered to be without 
coronary artery disease and outside the stented segment, 
were selected and averaged; this average value was consid-
ered the normal reference vessel, which was used to calcu-
late the percent diameter stenosis. 
Statistical analysis. Group data were expressed as mean 
values ± SD. Comparisons among preangioplasty, postan-
gioplasty and poststent measurements were carried out by 
two-way analysis of variance. Continuous variables were 
compared among individual groups by Student's t test. The 
chi-square test was used to assess differences in discrete 
variables. A p value < 0.05 was considered significant. 
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90 LESIONS 
Figure 2. Frequency of intimal dissection after con-
ventional balloon angioplasty. 
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Results 
Patient demographics. Eighty-four patients (90 lesions) 
underwent intracoronary stent implantation. Fifty-seven pa-
tients received a single stent and 17 patients received multi-
ple stents. There were 60 men and 24 women with a mean 
age of 58 years (range 29 to 81). Most patients had severe 
anginal symptoms, with New York Heart Association class 
III or IV angina present in 61%. 
Lesion characteristics. A total of 106 stents were im-
planted in 90 lesions (range of 1 to 6 stents/patient). Lesions 
were located in the right coronary artery (n = 48), left 
anterior descending artery (n = 32), left circumflex artery 
(n = 8), left main artery (n = 1) and saphenous vein 
graft (n = 1). The mean reference vessel diameter was 
3.2 ± 0.5 mm (range 2.3 to 4.4). The mean lesion length was 
8.6 ± 5.0 mm (range 1.9 to 32.7). Stenosis length was 
;:::: 10 mm in 29% of the lesions. 
Effect of stenting on intimal dissection. Intimal dissection 
occurred in 31 (34%) of the 90 lesions after conventional 
balloon angioplasty (Fig. 2). Of the 31 dissections, 18 (58%) 
were simple and 13 (42%) were complex. Table 2 compares 
the baseline characteristics of lesions with and without 
intimal dissection. There were no significant differences 
between the groups with and without dissection in lesion 
location, eccentricity, calcification, thrombus, tortuosity, 
stenosis severity or lesion length. However, complex ulcer-
ated morphologic features were more common in lesions that 
developed dissection after angioplasty. 
The effect of stent implantation on intimal dissection 
grade is shown in Figure 3. Of 18 simple dissections, 16 
improved to grade 0 and 2 were unchanged from grade 1. Of 
13 complex dissections, 11 improved to grade 0 and 2 
improved to grade 1. Overall, intimal dissection improved by 
at least one grade in 29 (94%) of the 31lesions. In 27lesions 
(87%), stenting completely resolved the intimal dissection. 
In no instance was a complex dissection present after 
stenting. 
Quantitative coronary analysis (Fig. 4). The results of 
quantitative analysis of the 31 lesions with postangioplasty 
dissection are shown in Figure 4. At baseline study, the 
1 8 
SIMPLE 
DISSECTION 
1 3 
COMPLEX 
DISSECTION 
mean percent diameter stenosis was 77 ± 17%. The mean 
stenosis decreased to 47 ± 17% after balloon dilation and 
further improved to 14 ± 10% after stenting. The difference 
in stenosis severity after angioplasty versus that after stent-
ing was highly significant (p < 0.0001). 
Illustrative cases. Figure 5 illustrates the effect of stent-
ing on a simple (grade 1) dissection. The baseline angio-
grams (Fig. SA) of a 65-year old man with angina at rest 
reveal a critical, segmental stenosis in the proximal left 
anterior descending coronary artery. After standard angio-
plasty (Fig. 5B), extravasation of contrast medium outside 
the vessel lumen is noted (arrow), representing a linear cap 
dissection. After stent implantation (Fig. 5C), the flap is 
resolved and there is further improvement in the luminal 
diameter. 
Table 2. Comparison of Baseline Characteristics of 90 Coronary 
Lesions With and Without Dissection After Balloon Angioplasty* 
Variable Dissection No Dissection p Value 
No. of lesions 31 59 
Lesion site NS 
LMCA 0 
LAD 39 34 
LCx 13 7 
RCA 45 57 
SVG 0 2 
Lesion morphology 
Eccentric 56 47 NS 
Calcification 10 15 NS 
Bend 245' 3 NS 
Complex 54 29 <0.05 
Diffuse 25 23 NS 
Thrombus l7 7 NS 
Percent diameter stenosis 77:!: 17 72:!: 15 NS 
(mean:!: SO) 
Reference vessel (mm) 3.3 :!: 0.4 3.2:!: 0.5 NS 
Lesion length (mm) 9.8:!: 6.6 8.1 :!: 3.9 NS 
*Unless otherwise indicated, data reported are percents. LAD = left 
anterior descending coronary artery; LCx = left circumflex coronary artery; 
LMCA = left main coronary artery; RCA = right coronary artery; SVG = 
saphenous vein graft. 
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Figure 3. Outcome of stenting on intimal dissections. PTCA 
percutaneous transluminal coronary angioplasty. 
Figure 6 demonstrates the efficacy of stenting on a 
complex (grade 2) dissection. The baseline angiograms (Fig. 
6A) of a 73-year old woman with postinfarction angina reveal 
a critical, eccentric stenosis of the proximal left anterior 
descending coronary artery. After angioplasty (Fig. 6B), 
there is an irregular intraluminal defect and persistent sub-
total occlusion, which is resolved completely after stent 
implantation (Fig. 6C). 
Complications after intimal dissection and stent implanta-
tion. Thrombotic reocclusion developed in only I (3%) of 
the 31 lesions. In this instance, thrombotic occlusion oc-
curred 12 days after stent implantation and was managed by 
thrombolytic therapy and repeat dilation of the stented 
segment. One patient died of an anaphylactic reaction to 
intravenous ampicillin given in preparation for a lower 
gastrointestinal X-ray series. Postmortem examination in 
this patient revealed a widely patent stent in the proximal left 
anterior descending coronary artery. 
Figure 4. Percent diameter stenosis (mean ± SD) before angioplasty 
(PRE-PTCA), after angioplasty (POST-PTCA) and after coronary 
stenting (POST-STENT). 
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Discussion 
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The major findings of this study are that intracoronary 
stenting I) is highly effective in improving the angiographic 
appearance of intimal dissection produced by conventional 
ball9on angioplasty, and 2) significantly improves the resid-
ual luminal diameter after coronary angioplasty. 
Intimal dissection during coronary angioplasty. Angio-
graphic evidence of intimal dissection occurs in approxi-
mately 30% of patients undergoing coronary angioplasty 
(6,7). Intimal dissection appears to be the primary mecha-
nism responsible for the acute ischemic complications of 
coronary angioplasty, often in association with coronary 
thrombosis and spasm as secondary events (1-3). In a study 
of 140 patients with angioplasty complicated by abrupt 
closure, Ellis et al. (8) associated both the presence of an 
intimal dissection and that of a residual stenosis ~35% with 
an increased risk of closure. In that study, the presence of an 
intimal dissection was the most powerful predictor of abrupt 
closure. Bredlau et al. (6) reported a 6.5-fold increase in the 
risk of a major complication (myocardial infarction, coro-
nary artery bypass surgery or death) when an intimal dissec-
tion occurs during attempted angioplasty. In their study of 
3,500 elective procedures, major complications were ob-
served in 10.4% of patients who developed an intimal tear 
but in only 1.6% of patients who did not develop a tear. 
Similar findings were recently reported by the National 
Heart, Lung, and Blood Institute Registry (9), in which 
periprocedural occlusion occurred in 9.9% of patients with 
an intimal tear after angioplasty versus 2. 7% of patients 
without such a tear. 
Role ofintracoronary stenting. The present study demon-
strates that intracoronary stenting is effective in improving 
the angiographic appearance of intimal dissection after con-
ventional angioplasty. After stent implantation, intimal dis-
sections improved by at least one grade in 94% oflesions and 
were completely resolved in 87%. In addition, intracoronary 
stenting further improved the residual luminal diameter in 
lesions with intimal dissection. The mean percent diameter 
stenosis improved from 47% after angioplasty to 14% after 
stent implantation. 
Limitations of the study. The goal of the study was to 
evaluate the angiographic effects of stenting in the presence 
of an intimal dissection. It was not a controlled, randomized 
trial to evaluate stenting in comparison with other ap-
proaches used for the management of intimal dissection. 
Therefore, the relative efficacy of stenting versus techniques 
such as perfusion catheters, thermal welding or atherectomy 
cannot be assessed. 
The study was not designed to evaluate abrupt ischemic 
complications as a primary end point. Because of the poten-
tial for subacute thrombosis, a much larger trial would be 
necessary to draw definite conclusions regarding the efficacy 
of stenting to prevent ischemic events due to dissection. 
Other preliminary studies have reported the successful use 
of stents in the treatment of abrupt coronary closure. 
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Figure 5. Coronary angiograms of a 65-year old man with unstable angina and 
proximal stenosis of the left anterior descending artery. A, At baseline. B, 
After balloon angioplasty (arrows). C, After implantation of a single stent. (See 
text for discussion.) 
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Figure 6. Coronary angiograms of a 73-year old woman 
with postinfarction angina and an eccentric stenosis of the 
left anterior descending coronary artery. A, At baseline. 
B, After balloon angioplasty. C, After implantation of a 
single stent. (See text for discussion.) 
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Sigwart et al. (10) reported the successful implantation of a 
self-expanding stent in 11 patients after abrupt vessel closure 
without resulting death, Q wave infarction or need for 
emergency bypass surgery. Savage et al. ( 11) reported use of 
balloon-expandable stents in optimizing the primary results 
of coronary angioplasty. In their series of 138 patients, 3 
developed incessant coronary closure during balloon angio-
plasty, which resolved after Palmaz-Schatz stent placement. 
Roubin et al. (12) reported a similar experience with a 
balloon-expandable coil stent. 
Clinical implications. When an intimal tear or dissection 
occurs during coronary angioplasty, patients are at an in-
creased risk for developing ischemic complications. This 
study demonstrates that stenting provides an intravascular 
scaffold capable of sealing intimal flaps and reducing the 
residual stenosis associated with the dissection. Therefore, 
intracoronary stenting may be useful in the management of 
patients who have suboptimal angioplasty results and in the 
treatment of intimal dissection. 
The authors gratefully acknowledge the expert assistance of Laraine Bartlett 
in the preparation of the manuscript. 
Appendix 
Participating Centers 
Clinical Sites and Investigators 
Hospital of the University of Pennsylvania, Philadelphia, Pennsylvania: 
John W. Hirshfeld, Jr., MD. 
Scripps Clinic and Research Foundation, La Jolla, California: Richard A. 
Schatz, MD, Paul Teirstein, MD. 
Cardiovascular Institute of the South, Houma, Louisiana: Craig M. Walker, 
MD, Jody Stagg, MD. 
The University of Texas Health Science Center at San Antonio, San Antonio, 
Texas: Steven Bailey, MD, Jose Perez, MD. 
Thomas Jefferson University Hospital, Philadelphia, Pennsylvania: Sheldon 
Goldberg, MD, Michael P. Savage, MD, Andrew Zalewski, MD. 
University of Michigan Medical Center, Ann Arbor, Michigan: Stephen G. 
Ellis, MD, Eric Topol, MD. 
Washington Hospital Center, Washington, DC: Martin B. Leon, MD. 
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Yale University, New Haven, Connecticut: Michael W. Cleman, MD, 
Henry S. Cabin, MD. 
Core Angiographic Laboratory 
Thomas Jefferson University Hospital, Philadelphia, Pennsylvania: Sheldon 
Goldberg, MD. Michael P. Savage, MD, David L. Fischman, MD, Glenn 
Morales. RCPT. 
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